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Abstract
Fluvial landscapes are an important habitat type for human societies. These valuable areas provide
housing and suitable areas for agriculture. Sustainable land management is of great importance to
ensure preservation of these areas in the future. Therefore, effective monitoring of such landscapes
using geographical data is of great importance. A paleoriver is an example of a landscape feature that
carries damage risk to a fluvial landscape. This study focuses on reconstruction of the Hammerfließ, a
paleoriver in the Baruth Ice-Marginal Valley in Brandenburg (East Germany), which has now been
artificially channelized. LiDAR has emerged as a tool in recent years to effectively monitor small scale
fluvial systems due to its high resolution. The possibilities of LiDAR was researched in this project by
comparing it with other conventional geographical data, such as topographic maps and orthophotos.
Additional information from the LiDAR dataset was yielded by providing cross sections and
hydrological network modeling. Of all conventional data sources, geological maps provide useful
exploratory information, while true color orthophotos and Color Infrared images contain more
detailed, patchy, isolated channel structures. Date of ortophotos acquisition proved to be important
for effective results. With regard to LiDAR data, Digital terrain models provide the most information
due to its ability to delineate small elevation differences, while LiDAR-derived products are much less
useful. Cross section analysis, to some degree, was able to assign channel properties to formation
ages of the ice-marginal valley. Furthermore, hydrological network modeling was able to partially
validate digitized channels, though obstructions (natural and artificial) still lead to uncertainties.
Ultimately, the dataset used in this research was useful to partially reconstruct former flow patterns.
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List of Abbreviations
Abbreviation

English

German (Deutsch)

ALB

Airborne LiDAR bathymetry

Luftgetragen LiDAR Bademetrie
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Color Infrared

Farbe Infrarot

DEM

Digital Elevation Model

Digitales Höhenmodell
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Digital Terrain Model

Digitales Geländemodell
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Electronic Distance Meter
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GPS

Global Positioning System
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Light Detection and Ranging

Lichtdetektion und Reichweite
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Land Surface Parameter
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Unmanned Aerial Vehicle
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Introduction
An important part of understanding the hydrology in regional environments concerns development of
paleohydrology in these landscapes, including environments affected by glaciation (Kaiser et al., 2012).
Glacially affected environments are known to contain a wide variety of different morphological
features. As such, the characteristics and transformation of several morphological features in
landscapes can be researched (Lüthgens, 2011). Consequently, morphological evolution generally
leads to changes in water budget and vegetation. As an example, morphological evolution comprises
sedimentation and erosion of river channels and lake basins, while morphological features comprises
rivers, point bars and terraces. Ultimately, an evolving fluvial landscape may result in unwanted
landscape changes, including groundwater contamination (Subrahmanyam & Yadaiah, 2000) and flood
events (Kaiser et al., 2012). Research has specifically focused on properties of paleochannels, which
are inactive remnants of river paths filled with younger sediment (Anand & Paine, 2002). When
researching migration of a channel, one must consider study on components of paleochannels, such
as relics of meandering belts and point bars. Moreover, paleochannels are often formed naturally by
advanced stages of lateral migration and subsequent isolation of meander belts and point bars
(Bhattacharyya et al., 2015).

Relevance
The necessity of studies on active fluvial landscapes becomes evident when considering the
importance of these landscapes for humanity. Namely, fluvial settings are often highly populated areas
(Ninfo et al., 2015). In addition, these floodplains are fertile landscapes, which are suitable for
cultivation of agricultural lands, provide large amount of water, and are suitable for housing due to its
relative low relief. As such, it is of primary importance to mitigate the potential high damage risk
involved in these landscapes. To maintain the benefits of living in these area, sustainable land
management of fluvial characteristics of such an area is necessary. To accomplish that, studying and
monitoring of the area using geographical data is an important first step.
Reconstruction of fluvial systems, and landscapes in general, may serve a wide variety of societal
purposes.
1. First of all, Identification of paleochannels may help to understand paleohydrographic
transformation of a landscape (Bisson et al., 2011). The scale of river systems may range from
large fluvial watersheds, such as the Amazonian forest (Rossetti, 2010) to small (local) scale
river basins and channels (< 10 km2) (Bhattacharyya et al., 2015). For example, river
development has the potential to act as a marker for human settlement development
reconstruction.
2. Landscape studies can be useful for archaeologists and geoarchaeologists to reconstruct
prehistoric sites. More specifically, understanding formation of a landscape and human
interactions may help to discover settlement patterns (Lowe, 2007).
3. Furthermore, information regarding paleochannels could also have more direct societal
impact, since paleochannels can be indicative of groundwater reservoirs, particularly in areas
with high fluvial activity (Bisson et al., 2011).
4. On the other hand, understanding the evolution of a landscape may help to comprehend the
stability of an fluvial landscape, and risk of seemingly safe areas . For example, buried
paleochannels carry a risk of groundwater contamination (Subrahmanyam & Yadaiah, 2000),
and flooding (Camarasa-Belmonte & Soriano-García., 2012). The magnitude of damage in
7

5.

6.

7.

8.

these areas is potentially very large, since a large amount of vulnerable houses and cultivated
lands are present in the surrounding area.
The focus on temperate, glacially-affected landscape settings remains limited. On the other
hand, attempts that focused on bedrock river channels (Reusser & Bierman 2007), gravel-bed
river environments (Charlton et al., 2003), sand-bedded rivers (Kinzel et al., 2007), coastal
shelfs (Conger et al., 2009) and alluvial fans (Kiss et al., 2014) are extensive.
Conservation plans of natural areas have been established through a European framework
(“Natura 2000”) to stimulate biodiversity of natural landscapes throughout Europe. These
areas are comprehensively summarized in “Fauna-Flora-Habitatrichtlinie” (Fauna-FloraHabitatguideline) or FFH areas (Thiele, 2011).
Reconstruction of the former flow can be important to be able to reconstruct fluvial systems.
That is: to (partly) restore the hydromorphology according to the EU’s Water Framework
Directive (Weiß, 2008; Kaiser et al., 2012).
Changes in sub-surface water flow may result in unsatisfactory pollution of chemicals and
waste products in a catchment area. A case study in the Manjira river (Subrahmanyam &
Yadaiah, 2000) revealed large increases in pollution of the surrounding land, since
transmissivity of the buried alluvial aquifer (paleochannel) increased tremendously.

In addition to the societal relevance of landscape reconstruction, improvement on the use of available
methods for paleolandscape reconstruction is important as well (Charlton et al., 2003). These methods
are extensive, since it includes large basin analysis using LANDSAT imagery, small feature extraction
with Orthophotos , grain size analysis, stratigraphic data reconstruction, theodolite- electronic
distance meter (EDM) measurements, use of archaeological data etc. (Bisson et al., 2011; Charlton et
al., 2003; Lowe, 2007). However, few researchers have attempted to combine different types of
geographic data to reconstruct fluvial landscapes in a comprehensive manner (Bisson et al., 2011;
Lowe, 2007). More specifically, the exact potential of remote sensing images and LiDAR (Light
Detection and Ranging), which could be able to identify old rivers due to high resolution of LiDAR
derived products, is still poorly understood. Plan-view analysis (opposed to e.g. cross-sectional view)
of ancient river features using remote sensing imagery, in particular, have yet to be improved
(Bhattacharyya et al., 2015).
Improvements in monitoring of paleochannels might (partially) serve as an alternative for fieldwork
surveys. Monitoring programs in the field which collect data related to landscape conditions can
typically be costly and time consuming (Faux et al. 2009). Preliminary fieldwork methodologies may
benefit from accurate pre-analysis of an area using Geographic Information Systems (GIS) and LiDAR
data. Ideally, improvements in remote sensing analysis would greatly reduce demand of time and costs
of field surveys. The purpose of this research is to assess the possibilities for small scale paleoriver
reconstruction, which can be scaled up to fluvial systems (in ice-marginal valleys) in other parts of the
world. As such, a larger part of the earth’s system could be analyzed in a shorter amount of time.
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Theoretical Framework
The theoretical framework, which will describe known research on reconstruction of former flow
channels, is divided in three parts:
1. General information regarding reconstruction of paleorivers and associated characteristics of
buried channels.
2. Application of LiDAR on reconstruction of paleorivers, focusing on both strengths and
limitations of LiDAR.
3. Synergy of LiDAR with other conventional techniques on reconstruction of paleorivers.

Paleochannel reconstruction
Reconstruction of a large scale fluvial system (typically an enclosed drainage basin of at least 10,000
km2) is assessed in a different way from smaller tributaries and channels (<10,000 km2, figure 1). Large
scale systems, such as the Amazon, are often challenging to reconstruct, since it requires information
regarding topography, tectonics, climate etc. on a large scale (Rosetti, 2010). Consequently, large scale
paleorivers are assessed through combination of a myriad of large remote sensing imagery with coarse
resolution (>15m) (Rosetti, 2010). These types of imagery (e.g. LANDSAT) are typically distributed with
resolution in the order of more than a meter. Ultimately, paleolandscape reconstruction derives its
method from a wide variety of disciplines, including remote sensing (Notebaert et al., 2009),
bioarchaelogy (Howard, 2009) etc.
The size and shape of paleochannels that are detected through remote sensing can be distinguished
in three categories according to Ninfo et al. (2015):
1. braided channels in “fine-dominated” Last glacial maximum (LGM) plains,
2. “single-thread”, high-sinuosity meandering channels with lateral migrating channel belts and
3. low meandering channels associated with ridges and crevasse splays.
Understanding the nature of these types of paleochannels improves the understanding of an icemarginal valley as a whole.
Furthermore, buried paleo channels are known to have effect on changes in ground water flow of a
fluvial landscape, despite channels being assumed inactive. Paleochannels are usually buried with a
different type of substrate compared to its surrounding landscape (Lowe, 2007). Water flow in an
increased porous substrate expresses a measurable difference in electrical field potential, which Revil
et al. (2007) measured with non-polarizing electrodes. A difference in electric potential is commonly
interpreted as a distinction between paleochannels and surrounding areas (Revil et al., 2007). As such,
groundwater is susceptible to flow through the paleochannel pathway, resulting in a differentiation of
the groundwater flow (Revil et al., 2005). In more extreme cases, this may also be reflected in a
difference in vegetation cover with the surrounding area (e.g. a forest ‘line’ typically follows a
paleochannel) (Bisson et al., 2011). As a result of the aforementioned difference in soil moisture
content in paleochannels, the use of high-resolution remote sensing images (Lowe, 2007) emerged as
a tool to delineate ‘moist’ channels from drier surrounding areas (Bisson et al, 2011). Results from
aerial orthophotos may vary depending on the chromatic contrasts of the images. For example, a large
color tone variation on agricultural fields may indicate presence of small landscape features, which
would not be visible on black and white photos. Satellite data and orthophotos can be manipulated
through application of stretching techniques to spectral bands that are most influenced by soil
moisture (Bisson et al., 2011). The infrared band is especially noteworthy in paleochannel detection
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studies, since it is sensitive to soil moisture content (Bisson et al., 2011). As such, color infrared (CIR)
images are suitable paleochannel identification techniques. Unfortunately, an increase in soil moisture
content may not only be explained by a buried paleochannel, but by anthropogenic sources as well,
such as irrigation. This problem can be solved by 1. multi-temporal orthophoto analysis, which
increases the minimal requirements of available data, or 2. penetration tests, which would rely on field
data anyway (Bisson et al., 2011).
Humanity has had a short, but profound influence on river development during the Holocene.
(Hoffmann et al., 2010). The characteristics of a river could be altered in a variety of ways, leading to
many management methods. Unfortunately, unsustainable adjustments and lack of knowledge on a
fluvial system could often result in irreversible damage of a natural landscape. This, on its turn, often
could lead to a large amount of reparation costs, while sustainable river management would be a
cheaper and safer option (Hoffman et al. 2010). More specifically, filling river channels (and
subsequent reclamation of agricultural fields) coupled with flow regulation of a new channel could
lead to unsatisfactory changes on the hydrological cycle of a landscape. Therefore, the changes on the
hydrological cycle of a landscape can be assessed by reconstructing the fluvial system of that landscape
(Hoffman et al., 2010).

Figure 1: Spatial and temporal scales of several existing surveying methods displayed. This research mainly focuses on Aerial
photos and airborne LiDAR (Heritage & Hetherington, 2007)
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LiDAR data
Possibilities
As mentioned before, monitoring large areas in the field for a long period of time can be problematic,
as it requires large amount of resources and time to carry out field observations (Faux et al., 2009). As
an alternative, LiDAR data is an useful remote sensing data source to map small scale geomorphological
landforms (Ninfo et al., 2015). A major advantage of LiDAR data is the ever-improving high resolution,
both horizontally and vertically (Carter et al., 2012). For example, vertical resolution of airborne LiDAR
improved approximately from 15 cm in 2000 (Charlton et al., 2003) to 10 cm in 2011 (Ninfo et al.,
2015). The vertical accuracy of the LiDAR dataset in this research is ≤ 20 cm. This high amount of detail
allows a landscape to entail information on the level of small, subtle geomorphological features (Ninfo
et al., 2015). Comparison between airborne LiDAR and field surveys (theodolite-EDM measurements
and channel cross-section) reveals a discrepancy in the magnitude of 15 cm (Kinzel et al., 2007;
Legleiter et al. 2012, Notebaert et al., 2009). More specifically, a study by Heritage & Hetherington,
(2007) shows a mean difference of 0.38 cm between LiDAR data and field measurements, depending
on the landscape and geological properties of the paleochannel. Subsequently, the largest
uncertainties are observed in bare rock gaps. As a result, LiDAR is able to record greater length of
paleochannels than conventional aerial photographs (Jones et al., 2007).

LiDAR data can be retrieved with an aircraft or UAV (Unmanned Aerial Vehicle) that uses a fast-firing
laser to measure the distance of the laser pulse to the earth’s surface (figure 2). Many factors
determine the altimetry accuracy of LiDAR data, which are mainly dependent on the position and
orientation of both the aircraft and the LiDAR sensor, such as the travel time of the laser pulse (Bowen
& Waltermire, 2002). The flight path of the aircraft, which also has to be taken in account, is measured
by an on-board GPS system. Then, this information is post-processed and projected on a geoid with x,y
and z coordinates. At that point, the dataset is ready for further analysis. Point measurement density
(and additional information, such as intensity return) is high in general, but differs for each flight
(Bowen & Waltermire, 2002; Ninfo et al., 2015). Depending on data accuracy, costs of LiDAR data per
square mile typically ranges from $500,- to $1,500,- (Bowen & Waltermire, 2002). Ultimately, the costs
of the LiDAR dataset (including discount) used in this research is €3,136,-

Figure 2: airborne LiDAR measurements on a forest structure by an aircraft. Three different return pulse amplitudes
correspond with different part of the forest canopy structure. Last return (ground) pulses, which are used in this research
correlate with the bare earth surface (Challis et al., 2011).
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The application of LiDAR technology on floodplains is commonly separated between terrestrial
landscapes and bathymetric ecosystems due to the existing technology that manages to monitor these
systems (Hilldale et al., 2008). Topographic surfaces are measured by the near-infrared LiDAR
spectrum, which allows measurements at a relative high resolution. On the other hand, greenwavelength LiDAR is used to penetrate through water surfaces, which near-infrared LiDAR is unable to
accomplish (Faux et al., 2009). One of the possibilities of terrestrial LiDAR is to generate 2-D models
that can be constructed and interpreted quickly. Numerous researchers (de Boer, 2015; Faux et al.
2009; Ninfo et al., 2015; Hilldale et al. 2007) mention the applicability of these 2-D models for mapping
of geomorphological features, such as inland dunes, fluvial terraces, “side channels” etc. Examples of
2-D models include digital elevation models (DEM) and DEM-derived land surface parameters (LSP’s)
(hillshade maps, slope maps, aspect maps, etc.) A valuable strength of terrestrial LiDAR is the ability to
also provide ‘bare earth’ models, which excludes the presence of objects such as buildings and
vegetation. The pulse of the laser scanner is able to penetrate through the forest’s canopy (figure 2)
(Hilldale et al. 2007). Not only do these so-called last pulses provide information regarding the earth’s
surface under the canopy, analysis can be performed on the forest itself as well (Carter et al., 2012).
The demand on improvements on airborne LiDAR bathymethry (ALB) is increasing for research focusing
on fluvial and coastal ecosystems (Kinzel et al., 2013). In addition to high resolution data, knowledge
regarding channel bathymetry is important for proper channel bathymetry analysis.
Cross-section channel analysis is a common method (Charlton et al., 2003; Kiss et al., 2014; Merwade
et al. 2008; Faux et al., 2009; Legleiter et al., 2012; Challis et al., 2011; Notebaert et al., 2009) to
visualize properties of active channels in a landscape (Faux et al., 2009). This type of analysis was
usually carried out to examine the accuracy of LiDAR measurements by comparing it with field data
(figure 3) (Merwade et al., 2008) or for channel change analysis (Notebaert et al., 2009 ). Channel
change analysis is possible if LiDAR can be combined with any historical information (Notebaert et al.,
2009). Ultimately, most research have focused on large, submerged, active channels, which have to
take bathymetry into account, whereas studies on buried, abandoned channels remain limited
(Legleiter et al., 2012).

Limitations
Uncertainties have emerged in studies that included measurements and comparisons between LiDAR
data and field observations. LiDAR data has the tendency to overestimate channel width (Notebaert
et al., 2009) (figure 3). Besides, accuracy of river channel assessment with DEMs remains an unstable
method (Reusser & Bierman, 2007), due to complex geometry of river channels, particularly in bedrock
channel environments (Figure 3). Likewise, LiDAR measurements tend to show errors in channels with
multiple terraces (Faux et al., 2009). LiDAR-based research is especially difficult in fluvial landscapes
with low relative relief. These landscapes are difficult to monitor when areas are either highly
urbanized, or ploughed for agricultural purposes and excavation (Ninfo et al., 2015). Hilldale et al.
(2008) suggest that major limitations with (terrestrial) LiDAR data with regard to paleoriver detection
include dense vegetation cover and steep slopes, particularly when these two factors coincide.
Furthermore, another potential area of improvement is the possibility to adjust the resolution on areas
of interest (Hilldale et al., 2008). For example, the ability to focus on channel banks would help to
diminish the aforementioned issue, whereas flat unaffected agricultural fields or fluvial terraces are
not required to analyze. The main problem to overcome LiDAR bathymetry penetration concerns the
trade-off between a minimum spot size and maximum spot size. A maximum spot size is necessary to
yield results of small resolution, whereas a minimum spot size is required to ensure no harm to the
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human eye during bathymetric LiDAR measurement. (Hilldale et al. 2008). However, the majority of
bathymetric LiDAR data retain coarse spatial resolution, since bathymetric LiDAR is mainly applied in
coastal environments (Legleiter et al., 2012).
Though LiDAR is believed to be an increasing valuable technique for acquisition of geomorphological
and topographic data due to continued improving technology and cost decrease, it is still an expensive
method (Ninfo et al. 2015). Related to this, it is challenging and time-consuming to assess detailed
geomorphological models on a scale required to properly analyze fluvial (glaciated) environments.
The ability to detect small-scale landforms on floodplain landscapes depends on the resolution of the
LiDAR data and, to a lesser extent, on the accuracy of the data. Notebaert et al. (2009) report that
small landforms, such as drainage ditches and old river beds can be detected with quantitative analysis
of these landforms using LiDAR data that contain horizontal pixel size of 1 m2 or smaller. In spite of this
pixel values between 1 m2 and 2 m2 are still commonly provided in recent datasets (Carter et al., 2012).
Furthermore, detection of subtle landform features requires vertical resolution that does not exceed
10 cm (Ninfo et al., 2015). As a result of LiDAR’s ability to provide high resolution data, optical remote
sensing images are also considered to be more effective to detect small fluvial landforms with “low
morphological expression” (Ninfo et al. 2015). The most likely explanation for ‘low morphological
expression’ is ploughing of agricultural soils (Hoffman, 2010). Consequently, these fluvial landforms
are often buried. On the other hand, sometimes ridges in arable land (in german called ‘Wölbäcker’),
developed through ploughing since Late Medieval times, can be found with the help of LiDAR (de Boer,
2015).

Figure 3: Common measurement of channel geometry. LiDAR tends to underestimate depth on active channels, but
overestimate channel width (Notebaert et al., 2009)
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Hybrid techniques
LiDAR is known to work sufficiently as a hybrid technique with other active optical remote sensing
techniques in fluvial morphology analysis (Legleiter, 2012). While LiDAR’s strength lies in mapping
topographic features with high resolution, other optical remote sensing techniques may help to
overcome its limitations. For example, Legleiter et al. (2009) discussed algorithms that allow optical
remote sensing techniques to estimate channel bathymetry by utilizing spectral distribution in remote
sensing images. In the end, synergy of remote sensing techniques (LiDAR) with topography is also
suitable for urbanized areas (Ninfo et al., 2015).
Several passive optical imagery techniques can contribute to these synergy studies. Both true color
and color Infrared (CIR) orthophotos are known to (partially) detect paleochannels in synergy studies
that included orthophoto imagery as a tool for identification of paleochannels. Bisson et al. (2011)
specifically point out the characteristics of orthophotos for researchers to detect buried paleochannels
in agricultural fields via a combination of 1. color tone variation and 2. sinuous geometry of natural
rivers. The color tone variation is caused by the aforementioned difference in soil moisture content,
whereas sinuous geometry of natural rivers must be assessed with expert knowledge. For example,
straightened channels can be separated from natural meandering rivers. Furthermore, images
displayed on the near-infrared bands of the color spectrum are commonly used to see paleochannel
features more clearly. Buried channel features in agricultural areas are clearly visualized, because nearinfrared bands are able to discern moisture content in soils effectively. Finally, LANDSAT satellites
provide images that cover a large area at a relatively coarse horizontal resolution (30 m) (Bisson et al.,
2011; Ninfo et al., 2015). Although the coarse resolution makes identification on small scale landforms
difficult, it is 1. inexpensive 2. easy to acquire and 3. useful to adequately understand a large landscape
(Lowe, 2007; Bisson et al., 2011).
Researchers have also used topographic maps in quantitative and qualitative fluvial studies (Notebaert
et al. 2009). In this regard, topographic data is usually not sufficiently accurate to detect subtle vertical
differences which would be accountable to fluvial landforms. However, those studies on floodplains
that focus on fluvial dynamics laterally are able to provide data with high certainty. Therefore, historic
topographic maps are powerful tools to validate other data sources. Ultimately, a combination of
topographic maps and LiDAR data can detect landforms, which are visibly preserved, such as
paleochannels. Research has been carried out that combined historical topographic data with highresolution LiDAR data in studies that focused on changes of a fluvial system (Notebaert et al., 2009).
Seasonal conditions are important to derive the most accurate ground DEM data, for both LiDAR and
‘passive’ remote sensing, particularly for small landforms (Ninfo et al., 2015). The most appropriate
time windows are those with conditions with low vegetation cover, since it obscures accurate ground
DEM measurements, despite LiDAR’s ability to ‘penetrate’ through vegetation (Ninfo et al., 2015;
figure 2). It should be noted that change analysis with the help of LiDAR data and optical remote
sensing should contain datasets with similar seasonal conditions, as it would diminish uncertainty on
change analysis (Ninfo et al., 2015; Faux et al., 2009).
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Research Area
Field area description
The area of interest for this research project is the “Baruther Urstromtal und Luckenwalder Heide”
(Baruth ice marginal valley and Luckenwalder heathland) (figure 4), which is situated approximately 70
kilometers south of Berlin, State of Brandenburg, Germany (appendix A) (Lüthgens et al., 2010).
Considering the land use, a major part of the ‘Urstromtal’ is characterized by agricultural fields, which
are incised by several man-made channels. Forested areas are also present, mainly in dry, sandy areas
with poor soils, often on dunes and cover sands. The largest forests in the research area are the
Schӧbendorfer Busch (Schӧbendorfer forest) and Horstwalder Busch (Horstwalder forest in the center
and the Freibusch in the west). These forests and part of the heathlands are naturally protected FFHareas. The FFH area “Nuthe, Hammerfliess und Eiserbach”, which includes the baruth ice marginal
valley, is seen as an protected area according to FFH guidelines (Thiele, 2011; Appendix B). These
habitats require systematic monitoring, maintenance and preservation (Thiele, 2011). The channel of
interest is the Hammerflieβ, which has partly been channelized in the past by man (figure 4). The
Hammerflieβ’ source is located west from the city of Baruth (Stadt Baruth) and from there it flows
northwest through the Schӧbendorfer Busch and Horstwalder Busch, then continues to flow west to
Schӧnefeld and Gottow. The river flows further northwest through Gottow, until it intersects with the
Nuthe river.

Figure 4: Overview of the research area. The Hammerfließ channel is illustrated in blue. Extent of the research area is shown
in red.
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Research Area Genesis
Historically, the last two glacial stages, the Saalian and Weichselian, were important for stratigraphic
formation of northeast Germany, particularly the Baruth ice marginal valley (Rinterknecht et al., 2012).
At first, the landscape was covered by elevated moraine deposits during the first stages of the Saalian.
More specifically, the Saalians “Warthe” stage is of interest for initial formation of the research area,
since ice advance reached until the area south of the southern bank of the Baruth ice-marginal valley
(Rinterknecht et al., 2012), which is assumed to have lasted from 168,000 BP to 148,000 BP (Litt et al.,
2007). On the other hand, the Weichselian’s Brandenburg stage is associated with phases of meltwater
erosion of the Baruth ice marginal valley, accompanied with genesis of outwash plains. The
Brandenburg stage is estimated to range from 26,000 BP to 22,000 BP (Lüthgens et al., 2010). Lütghens
et al. (2010) suggested that the Brandenburg stage had a less pronounced effect on the development
of the Luckenwalde end moraine. Instead, the Brandenburg stage merely partly reworked the
landscape superficially through glaciotectonic deformation and fluvioglacial modification. Besides, the
degree of expansion of the Brandenburg stage is not entirely certain (figure 5).
To the south, the ice marginal valley of Baruth is bordered by the “Niederer Fläming”, the
aforementioned elevated ‘plateau’ consisting of old morainic deposits, such as tills, glacio-fluvial
sediments, gravel, clay etc. These deposits are typical for a glacial dynamic landscape (Rinterknecht et
al. 2012). A wide range of exposure ages of different stratigraphic formations revealed frequent
occurrence of meltwater erosion north from the Niederer Fläming through the Baruth ice marginal
valley during the Brandenburg stage. Consequently, this resulted in formation of an sandy and clayey
formations (occasionally covered with peat) around a large part of the Hammerflieβ that originated
from the Niederer Fläming (Rinterknecht et al., 2012). In addition, large parts of both the old (Saalian)
moraine landscape and young (Late Weichselian) moraine landscape were typically covered by loessy
sand formations and cover sand formations (De Boer, 1998).
Changes in global climate can lead to variations in the terrestrial water balance, which on its turn leads
to changes in river properties. In northeast Germany in general, an aridification trend occurred (Kaiser
et al., 2012). The Weichselian phase is commonly associated with formation of young river systems
that gradually developed over time. River valleys in sections of northeast Germany that were affected
by the Weichselian are characterized by alternating phases of erosion and accumulation and frequent
shifts of river morphology (Kaiser et al., 2012). The north-west oriented Baruth ice-marginal valley is
the initial backbone spillway of the Hammerfließ. Erosion on a large scale was mainly characterized by
outbursts of meltwater. Changes in river morphology similar to the Hammerfließ in size are mainly
climate-driven or caused by erosion and type of bedload (Kaiser et al., 2012). Channel pattern
development of the Spree (Unterspreewald area; Appendix C ) since the Late Pleistocene, which is
closely situated and similar to the Baruth ice-marginal valley, is shown in figure 6 (Appendix D).
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Figure 5: Depressions in the landscape in the Baruth ice marginal valley that can be attributed to the extent of Weichselian
inland ice expansion. The exact degree of expansion of the Weichselian inland ice is still uncertain (Juschus, 2003).
Hochflächen ungegliedert = unsegmented plains, Niederungen/Urstromtalungen = valleys/depths, Hohlform im Urstromtal =
hollow shapes in ice marginal valley, Gewässer = Water, Stadt = city. Dashed lines illustrate expansion of the Weichselian
inland ice according to different sources.

Figure 6: Development of channel morphology in the Unterspreewald area from the Late Pleistocene to the Late Holocene
(Kaiser et al., 2012). PL = Pleniglacial, ME = Meiendorf Interstadial, D1 = Oldest Dryas, BØ = Bølling, D2 = Older Dryas, AL =
Allerød oscillation, D3 = Younger Dryas, PB = Pre-Boreal, BO = Boreal, AT1 = Older Atlantic, AT2 = Younger Atlantic , SB =
Subboreal, SA1 = Older Subatlantic, SA2 = Younger Subatlantic
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Research aims and Questions
The aims of this research are:
1. To reconstruct the former flow path of the Hammerfließ river through the Baruth ice
marginal valley as accurately as possible with a wide variety of data, including LiDAR, color
infrared images, orthophotos and historical topographic maps.
2. To assess the effectiveness of the data sources itself. The main focus of data assessment is
on the comparison between LiDAR data and conventional remote sensing methods.

The associated research questions are:
1.1 Are the currently existing remote sensing techniques sufficient to reconstruct the
Hammerfließ river?
2.1 How do different remote sensing data sources contribute with regard to paleochannel
reconstruction?
a. How much do geological maps contribute to paleochannel reconstruction?
b. How much do historical topographic maps contribute to paleochannel
reconstruction?
c. How much do orthophoto maps contribute to paleochannel reconstruction?
d. How much do color infrared maps contribute to paleochannel reconstruction?
e. How much do LiDAR-derived products (LSP’s) contribute to paleochannel
reconstruction?
2.2 Can LiDAR-derived methods be used to validate old flow paths that were determined with
other data sources?
a. To what extent can old flow paths be validated with cross section analysis?
b. To what extent can old flow paths be validated with automated hydrological network
modeling?
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Methodology
Data
This research requires manipulation of a comprehensive and wide-ranging data. In summary, a wide
variety of digital sources of data, consisting of topographic maps, color infrared images, LiDAR data
etc. was provided from different sources, including
1. the geoportal from the University of Amsterdam (UvA), which includes datasets from
research conducted previously in 1992 and 2014.
2. Web Map Services (WMS), maps that can be requested online, but not altered, from the
State of Brandenburg database.
3. Newly bought LiDAR datasets.
In detail, the UvA geoportal contains topographic maps, ranging in scale from 1:10,000 to 1:200,000
and ranging in time from 1841 to 1989. The geoportal also contains geological maps ranging in scale
from 1:100,000 to 1:500,000 and in age from the year 1968 to 2007. In some cases, topographic maps
do not cover the entire research area (mainly to the northwest). Furthermore, supplementary maps
were available, including a hand-drawn geomorphological map and a lithology map of the Baruth ice
marginal valley.
LiDAR data is acquired from two different sources: research from 2014 on the Baruth ice marginal
valley yielded the LiDAR datasets and LiDAR-derived products of an area ranging from Schöbendorf to
Baruth, including terrain datasets, hillshade maps, slope maps and aspect maps. The remaining 29
LiDAR tiles were acquired in 2016. That extends the list of available LiDAR tiles from Schöbendorf to
Gottow. These tiles are chosen as its area surrounds the current Hammerfließ channel, and is expected
to contain the former flow path as well. In addition, these LiDAR tiles are applicable to other research
purposes as well. In contrast to the LiDAR tiles from 2014, the newly ordered tiles were not processed
in advance. The vertical accuracy error of the LiDAR dataset is ≤ 20 cm, while the average point spacing
is 0.75 m. An overview of the LiDAR tiles from 2014 and 2016 is provided in appendix E. Several digital
maps, that can be requested free of charge online from WMS from the State of Brandenburg, complete
the full list of available data. These maps include a photogrammetry-derived digital terrain model
(DTM) (vertical resolution: 30 cm – 50cm) (appendix F), developed by Brandenburg geodatabase and
three digital colour orthophotos:
1. Ortophoto 1 (acquired on November 11th 2015) (named Orto 1 in this research)
2. Ortophoto 2 (acquired in the summer of 2015) (named Orto 2 in this research)
3. Ortophoto 3 (acquired on March 7th 2015) (named Orto 3 in this research)
A full list of available conventional data and additional descriptions is to be found in appendix F.

Software
A majority of the data was imported to ArcCatalog and ArcMap from ArcGIS 10.4.1 software. Extensive
databases in Geographic Information Systems (GIS) have been successful frameworks for paleoriver
investigations in the past (Bisson et al., 2011). Raw LiDAR data was converted with LAS tools or tools
available in ArcMap software to LAS datasets, terrain datasets and mosaic datasets. LAS tools, mosaic
datasets and terrain datasets were also used to provide LSP’s (hillshade maps, slope maps and aspect
maps).
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Workflow
This section provides a summarized workflow for the entire research project. A schedule of the
workflow is provided in figure 7. The workflow can roughly be separated in 4 subsequent steps: data
acquisition, data preparation, data analysis and data interpretation. Each step is depicted in a column
in figure 7.

Figure 7: General outline of the research workflow is divided in four columns: data acquisition (1), data preparation (2),
data analysis (3) and data interpretation (4). A letter is assigned to each box while a number is added to each column.
These letters and numbers are added to use as a reference in the text in the section ‘workflow’.

Data acquisition
First of all, all raw data was collected and organized in a sensible manner. The sources include: UvA
geoportal, an UvA database on this research area, the LiDAR website. All data was then separated in
two different datasets: LiDAR (1A) and conventional (1A-1D).

Data preparation
The second step includes transformation of the raw data to make it suitable for analysis. These data
preparation steps include georeferencing, mosaicking and converting raw LiDAR data in ArcMap or
using LAS tools. Georeferencing is applied to the color infrared images (2C), because it contains a
different projected coordinate system (DHDN_3_Degree_Gauss_Zone_4) that differs from all other
data (ETRS_1989_UTM_Zone_33N = EPSG 25833). Then, the georeferenced CIR images were
mosaicked (2D) in two different datasets, due to data availability. Also, mosaicking is related to
topographic images (2D) with a large scale (1:10,000), since these maps cover only a portion of the
research area. LiDAR data was organized in two different manners to derive LiDAR products: via Terrain
Datasets (2A) and via LAS Tools (2B). First of all, Raw bare earth LiDAR data (x,y,z format) had to be
converted to the more efficient LAS format (txt2las tool) (2B). Afterwards, LiDAR derived DEM’s (3A)
were acquired in two different ways: directly from LAS tools (las2dem tool) (2B), or from terrain
dataset in ArcGIS (2A). To create a terrain dataset, a multipoint feature had to be created first (LAS to
Multipoint in ArcMAP, average point spacing: 0,75m).
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Data analysis
Channel Mapping
Next, the data analysis step covers all aspects that considers reconstruction of the channel (3A-3C) and
validation of channel reconstruction (3F). These steps are illustrated in the third column in figure 7.
First of all, topographic maps (1D) were used to delineate sections of the Hammerfließ (from Baruth
to Gottow) that were channelized by man (3C). Straightened, channelized sections, from recent maps,
are compared with meandering, unscathed sections from topographic maps. Also, all geological and
geomorphological maps were used to delineate both areas, which were suitable for fluvial
environments and areas which were not suitable for fluvial environments. Then, all orthophoto maps
(1E) were used for detailed landscape feature mapping of possible relics of paleochannel flow based
on expert knowledge on paleochannel forms(3C): true color photos were also compared with color
infrared images (1C). Then all remaining non-LiDAR maps were mapped: including a digital terrain
model (photogrammetry), mainly to analyze forests and substrate maps (1B). Finally, these results
were included in a single comprehensive map.
Then, terrain dataset-DEM (3A) could be used to derive land surface parameters (LSP’s) (3B) including
slope maps, aspect maps and hillshade maps. These LSP’s were also created directly from LAS tools
(las2dem) (2B) and compared with the terrain dataset. To inspect the DEM, stretching techniques were
applied to the DEM (from current display extent), whereas classification is also applicable (Bisson et
al., 2011). As such, results were created from the DEM, similarly to the orthophotos and CIR maps.

Cross Sections
To improve comprehension of the mapped channel features, cross sections were created to analyze
geometrical characteristics of the channel throughout the research area (3D). A scheme was developed
by J.D. Rosgen that describes general channel parameters that can be measured quickly (Rosgen,
1994). These parameters can then be used to link the channel to a stream type (figure 8). In accordance
with Rosgen (1994), the Baruth ice-marginal valley can be described as broad with moderate to gentle
slopes where glacial outwash and Aeolian sandy dunes are common. River types commonly found in
this valley type include broad, slightly sinuous channels with pools and riffles (C), braided systems (D),
anastomosing channels (Da) and small sinuous channels (E) (figure 8). Cross section profiles were
chosen according to the location of an agricultural field or forested area and type of paleochannel. One
cross section is constructed per agricultural field/forest. Moreover, the surface area of the cross
sections is calculated to compare the magnitude of each cross sections. The ‘Surface Volume’ tool in
ArcGIS is used to measure the cross-sectional surface area of the channel. A reference plane (at
bankfull height) for the DEM must be specified to measure the surface volume. Then, the surface area
is calculated by dividing the surface volume with the longitudinal length of the associated, clipped
DEM. In case of multi-thread river systems, the surface area is divided by the number of channels.
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Figure 8: Overview of description of Rosgen classification system. Valley type description that corresponds with Baruth icemarginal valley (top left), description of sinuosity (Middle left), plan view of possible river types with corresponding label
(bottom left), cross-sectional view and appropriate Rosgen parameter values for each river type (Rosgen, 1994).W/D ratio is
the ratio between width and depth of the channel. H2O slope is slope angle parallel to flow direction of the channel.

Hydrological Modeling
Another method to use as an validation technique of LiDAR data will be the creation of an automated
hydrological network model using ArcHydro tools (3E). ArcHydro was constructed as a toolbar within
ArcGIS to help construction of hydrological modeling (Maidment, 2002). Although the model itself can
be expanded upon with point and vector data, only a digital elevation model is required to construct
basic natural water systems. The basic series of steps to create such a hydrological stream network
model are encompassed in the ArcHydro tools extension in ArcGIS. The basic premise is to
(theoretically) let water flow from high to lower elevation. Subsequently, a cell can receive water from
multiple elevated cells. Once a predefined threshold has been reached, a stream will occur (Carter et
al., 2012).
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The series of steps to create a hydrological network are listed in table 1. First of all, the optional step
mentioned in table 1 in creation of hydrological flow is included in this research. The DEM is altered by
cutting or filling away artificial parts of the DEM that obstructs natural flow of a river or channel. The
‘AGREE’ method, a surface reconditioning system for DEM’s, was the first method that allowed DEM
reconditioning (Hellweger, 1997). However, an alternative approach was used for this research. This
method includes the use of vector data that encompasses all artificial structures to be changed to a
more appropriate (natural) height. Then, this polygon was converted to a raster and merged (mosaic
tool) with the original LiDAR DEM (with same cell size). Second, an algorithm was applied to the DEM
that fills all sinks, which prevents the hydrological network to ‘disappear’ into the sinks (figure 9). Next,
a raster was created that sets the flow direction of each individual cell, by checking which of the
adjacent cells contains the strongest downward gradient. Next, an accumulation grid was created
(from the flow direction grid) that determines the number of contributing cells in the DEM for each
cell individually. Consequently, the stream vector can be created (from the flow accumulation grid) by
initiating a stream cell value in a raster when at least 0,25% of the cells from the total DEM contribute
to the stream. This value was chosen as a tradeoff between presence of interpretative results
(percentage too high) and abundance of noise (percentage too low). Finally the stream raster was
converted to a polygon.
Table 1: Lists of steps for the hydrological modeling protocol

ArcHydro Protocol
DEM
Reconditioning
(optional)
Fill
Flow Direction
Flow Accumulation

Stream Definition

Stream
Segmentation

Description
Remove obstructions for
flow path
Fill all sinks in DEM
Determine Flow Direction
for each cell
Calculate number of
‘incoming’ cells for each
cell individually
Initiate stream at certain
threshold value from
flow accumulation grid
Convert stream raster to
Polygon

Figure 9: Sink filling in ArcHydro illustrated with cross
sections of DEM’s. Filling of depressions is an iterative
process until flow can occur continuously from H to A (a)
(Wang & Liu, 2006).

Data interpretation
After all data analysis steps were executed, the data could be compared to successfully answer the
research questions and write this report. As such, the effectiveness of each data source was analyzed
by interpreting the mapped surface area size of each data source separately. Furthermore, the
effectiveness between the data sources are evaluated. Finally, knowledge gaps and
recommendations for further research is presented.
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Results
To illustrate a more productive overview of the visualization of the dataset, the entire research area
has been divided into 9 ‘catchments’. This subdivision is based on several criteria, which will become
evident hereafter in the results. The subdivisions are mainly based on artificial demarcation of
agricultural areas or forests, which are distinguished via corridors, such as roads and channels (or
simply forested lines). However, the type of paleoriver morphology is also taken into account. These
catchments are illustrated in figure 10 and the general locations listed in table 2.

Figure 10: Extent of research area and current Hammerfließ channel with subvisions of catchments areas. Background
topography is the “Digitales Navigationsmodell” (DNM) WMS, retrieved from geospatial information website Brandenburg
(see also appendix F).
Table 2: Catchment numbers in figure 10 with location name. The names are derived from nearby towns, and villages.

Catchment number
1
2
3
4
5
6
7
8
9

Location
Baruth
Schöbendorfer Busch
Horstwalde
Northeast Horstmühle
Northwest Horstmühle
Schönefeld
Southeast Gottow
Northwest Gottow
Luckenwalde
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Conventional mapping techniques
Geological Outline
The first results to be analyzed were the substrate map, geomorphological map and geological maps
(figure 11; appendix G). These maps yielded results in two different ways: by indicating potential
remains of paleochannels through presence of substratum containing (fluvial) organic matter (1), or
through presence of sandy material, attributed to Aeolian dunes, which demarcates paleochannels to
a smaller area (2). First of all, all geological maps generally illustrated a coinciding presence of dunes
throughout the Baruth glacial valley (figure 11), particularly in the vicinity of catchments 1 to 7 (figures
10 and 11). Two elongated dune sand ridges orientated from west to east could be identified near
catchments 1 to 7, along (both) the southern border of the research area (‘Lange Horstberge’) and the
northern border. Also, patchy presence of dune sand can be found in catchments 8 and 9, though this
does not strongly confine paleochannels to a smaller area.
Second, the results of organic substratum is illustrated in table 3. Geological maps from 1921, 1997
and the substrate map suggest presence of a large area of humic soils in the first six catchments,
ranging in size from 12.9 km2 to 13.6 km2 between these maps. Also, Organic soils are unanimously
illustrated through catchments 7 and 8 in a smaller (elongated) area in close proximity to the current
Hammerfließ, which seems to indicate a continuous period of incision close to the Hammerfließ has
occurred in these two catchments. Surface area of this feature ranges from 1.5 km2 to 4.0 km2 between
maps. Finally, the area of organic features (from the Hammerfließ) converges in catchment 9 with
another artificial channel (‘Flotter Graben’) to an area ranging from 0.5 km2 to 1.5 km2.

Topography
Additional results were provided by topographic maps in table 4 and appendix H. All maps that were
made since 1987 did not yield any results, because the channel features in these maps perfectly
coincide with the predefined line feature from the Hammerfließ. However, maps from 1932 and
older are able to illustrate a low meandering feature south of the Hammerfließ in catchment 1. Only
maps from 1841 and 1921 yielded quantifiable results in this area (0. 0293 km2 and 0.0324 km2
respectively), since all other maps were illustrated as line features. Nevertheless, the 1932 map also
showed two line features in catchments 8 and 9 that differed from the current Hammerfließ.
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Table 3: Surface area of paleochannels as a result of manual mapping per catchment of the geomorphological map,
substrate map and all geological maps. The description of each substratum containing organic matter is also included (left
column).

Geology Surface Area Size (km2)
Map Name
Catchment number
‘young’ icemarginal valley
Dead-ice terrain
Map Name
Catchment number
Humic Formations
Map Name
Catchment number
Peatland (mostly
bog)
Map Name
Catchment number
Fen
Map Name
Catchment number
Mineral soils with
low peat content
Peaty soils

1
5.264

2
2.102

3
2.175

-

-

-

1
3.981

2
1.731

3
1.756

1
4.024

2
2.102

Geomorphology
4
5
6
2.062 2.924 3.154

7
5.655

8
1.333

9
-

Sum
24.67

-

7.951

1.417

9.369

Geology 1921
4
5
6
1.755 2.259 1.925

7
1.429

8
2.549

9
1.537

Sum
18.92

3
1.897

Geology 1997
4
5
6
1.445 2.284 1.846

7
1.406

8
1.687

9
1.418

Sum
18.11

7
0.820

8
1.748

9
1.126

Sum
3.695

7
0.566

8
0.912

9
0.032

Sum
6.999

-

-

0.466

7.869

-

-

-

1
-

2
-

3
-

Geology 1998
4
5
6
-

1
1.440

2
0.336

3
1.171

Substrate Map
4
5
6
1.158 1.109 0.272

2.142

1.766

0.968

0.520

1.528

0.169

Table 4: Surface area of paleochannels as a result of manual mapping per catchment of topographic maps. The left column
describes scale of the map (and year if provided). Appropriate maps are given in appendix H.

Topography
Map
Scale/Year
1-10,000
1-25,000 / 1841
1-25,000 / 1921
1-50,000

1-100,000 / 1932

1-100,000 / 1987
1-200,000

Surface Area

Catchment number

0
0.0293 km2
0.0324 km2
(Hammerfließ
described as line
feature)
(Hammerfließ
described as line
feature)
0
0
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Covers entire
research area?

1
1
-

No
No
No
No

1, 8 and 9

Yes

-

Yes
Yes

Orthomaps
The orthophoto maps provide substantial information about possible flow paths through presence of
patchy structures. A detailed list from the results can be found in table 5. Though vegetation differs
between each orthophoto, paleochannel locations can be identified for each map throughout the
research area, including the meandering feature in catchment 1, which was found in topographic maps
(appendix I). However, converging paleochannel patterns were also found northeast in catchment 1.
A notable amount of paleochannel features (mostly single meanders) could be found south of
Horstwalde, in catchments 3 and 4 (ranging from 0.061 km2 in orthophoto 1 to 0.367 km2 in orthophoto
2). Moreover, multi-thread river features could be found in catchment 6 in the 3 orthophotos. Though
shape of the paleochannels differed greatly between orthophotos, surface area can be considered
large for all photos (0.375 km2 in orthophoto 1 and 0.844 km2 in orthophoto 3). Finally, the three
orthophotos follow the mapped features of the geological maps in catchments 7, 8 and 9 closely.
Remarkably, the sum color infrared imagery contributed less than the three orthophoto images (0.908
km2). Only, findings in catchment 3 contained substantial larger surface area size (0.261 km 2), though
a majority of the identified paleochannels size could not clearly be attributed to a paleochannel type
(appendix J).

Table 5: Surface area of paleochannels as a result of mapping manual per catchment of orthophotos maps and color
infrared map.

Orthophoto
Map Name
Catchment number
Surface Area (km2)

1
0.058

2
0.013

3
0.261

4
0.004

CIR
5
-

6
-

7
0.382

8
0.033

9
0.154

Sum
0.908

Map Name
Catchment number
Surface Area (km2)

1
0.161

2
-

3
0.003

4
0.058

Orto 1
5
0.056

6
0.375

7
0.293

8
0.438

9
-

Sum
1.387

4
0.263

Orto 2
5
-

6
0.568

7
0.739

8
0.717

9
0.064

Sum
2.884

4
0.121

Orto 3
5
-

6
0.844

7
0.478

8
0.336

9
-

Sum
1.813

Map Name
Catchment number
Surface Area (km2)
Map Name
Catchment number
Surface Area (km2)

1
0.427

1
0.003

2
-

2
-

3
0.104

3
0.028
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Figure 11: A summary of conventional data that illustrates regions of potential past fluvial activity best: including
geology/geomorphology (green), CIR images (dark red), Orto 1 (yellow), Orto 2 (pink), Orto 3 (orange) and low resolution
DTM (blue). Dunes are also shown (bright red). Background topography is the “Digitales Navigationsmodell” (DNM) WMS,
retrieved from geospatial information website Brandenburg (Appendix F).
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Figure 12: A map of the LiDAR-derived digital terrain model of the research area. The current Hammerfließ channel is shown
in a blue line. The mapped possible flowpaths are illustrated in purple. Background topography is the “Digitales
Navigationsmodell” (DNM) WMS, retrieved from geospatial information website Brandenburg (Appendix F).
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LiDAR data
This section will illustrate the final mapping results from LiDAR products, including DEM’s, slope maps,
aspect maps and hillshade maps. Also, the photogrammetric-based DTM is discussed (table 6). LiDARderived DEM’s were able to contribute the most to paleochannel reconstruction, excluding geological
maps (figure 12). Also, this is the only data source to feature contributions in all 9 catchments. In
catchment 1, a wide anastomosing branch in the northeast seems to converse with a faint single
meandering channel into catchment 2’s forest. Two large circular depressions flow in succession, after
which the second circular depression diverges in two different directions (apart from the Hammerfließ
itself): northwest and southwest. The northwestern direction continuous with a very clear single
meandering channel that flows westward more vaguely though agriculture in catchments 3 and 4. The
southern pathway contains more faint flow patterns, including braided sections through agriculture
and forest, before eventually merging within catchment 4. Afterwards, no clear results can be yielded
due to excess of landscape disturbance. However, at the start of catchment 6 a clear example of a
multi-thread river pattern is visible in the DEM (0.878 km2). This multi-thread pattern then clearly cuts
through a deeper, wide river path (catchments 7 and 8), which includes the Hammerfließ itself. This
path coincides with the naturally protected FFH-areas (appendix B). Channel relics are less clear in
catchment 9, where indication of flowpath is limited to sources from geology and topography maps.
For example, presence of fluvial material indicates flowpath possibility, while dunes indicates no
presence. On the other hand, LiDAR-derived slope maps, aspect maps, hillshade maps and
photogrammetric-derived DTM were able to construct a small amount of paleochannel features. When
the conventional techniques are compared with LiDAR-derived LSP’s (figures 13, 14 and 15), LiDAR has
a clear surplus of information over a combination of geology, true color orthophotos, false color images
(CIR) and low resolution digital terrain models, particularly in the first 6 catchments (tables 5 and 6).
The results of all conventional data are shown separately in appendix L.
Table 6: Surface area of paleochannels as a result of mapping manual per catchment of all LiDAR-derived products and the
photogrammetric-derived DTM.

LiDAR + DTM
Map Name
Catchment number
Surface Area (km2)

1
-

2
0.021

3
-

4
0.004

Map Name
Catchment number
Surface Area (km2)

1
0.303

2
0.350

3
0.367

4
0.299

Map Name
Catchment number
Surface Area (km2)
Map Name
Catchment number
Surface Area (km2)
Map Name
Catchment number
Surface Area (km2)

1
-

1
-

1
-

2
0.005

2
0.022

2
0.011

3
-

3
0.027

3
-

DTM
5
0.001

6
-

7
0.611

8
0.581

9
0.488

Sum
1.708

7
1.042

8
0.927

9
0.737

Sum
5.081

LiDAR Slope
4
5
6
-

7
0.452

8
0.014

9
-

Sum
0.471

LiDAR Aspect
4
5
6
0.037
-

7
0.448

8
-

9
-

Sum
0.535

LiDAR Hillshade
4
5
6
-

7
0.438

8
0.016

9
-

Sum
0.465

LiDAR DEM
5
6
0.174 0.878
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Figure 13: Comparison of several maps in catchment 1. The maps include: Topography 1841 (top row), Orto 2 (2 nd row), CIR (3rd row), and DEM
(bottom row). Left column shows original images. Right column contains digitized polygon in yellow (row 2 and 3) or blue (bottom row). Current
Hammerfließ channel is illustrated in blue (row 2 and 3) or pink (bottom row). These maps are located approximately between ‘Baruth’ and the
‘Schöbendorfer Busch’. The exact location can be found in appendix K.
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Figure 14: Comparison of several maps in catchments 2 and 3. The maps include: DEM (top row), CIR (middle row), Hillshade (bottom lrow). Left
column shows original images. Right column contains digitized polygon in blue (top row) or yellow (middle and bottom row). These maps are
located approximately south of ‘Horstwalde’. The exact location can be found in appendix K.
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Figure 15: Comparison of several maps in catchment 6. The maps include: Orto 3 (top row), DEM (middle row), LiDAR-derived slope map
(bottom left), LiDAR-derived aspect (bottom right). For Orto 2 and DEM, the left column shows original images, while the right column
contains digitized polygons in yellow (Orto 2) or Blue (DEM). No flowpath could be established in in the slope map and aspect map (bottom
row). These maps are located approximately east of ‘Schönefeld’. The exact location can be found in appendix K.
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Digital Flow Path
Results of the hydrological network are shown in figures 16,17 and 18 and appendix M. Drainage
networks for 4 different scenarios are created (table 7). The first scenario excludes the DEM
reconditioning in creation of the hydrological network (1), while the second scenario includes DEM
reconditioning (2). Furthermore, both these scenarios are recreated (3 and 4) when the LiDAR derived
DEM is split in two halves before the hydrological network methodology was applied (between
catchments 5 and 6; figure 10). In general, a continuous stream network is assumed to be characteristic
of accurate flow path. On the other hand, small isolated fractions of the hydrological network are
considered superfluous (Appendix N).
Table 7: Hydrological model scenario descriptions

The first scenario indicates that a rough estimate for the
flow path can be found. The mapped features from the
LiDAR DEM for the largest part seem to overlay a
portion of the hydrological flow path. However, a
number of uncertainties also exist in the hydrological
3
network itself. First of all, a number of sections, mainly
in catchment 2 and 5, contain large straight network
section with sharp angles, which is not indicative of
4
natural flow (i.e. no natural flow) (figures 17 and 18).
This means that hydrological networks in these areas
are highly inaccurate. Second, a long continuous
network stream through the entire research area cannot be found, which probably indicates
obstruction of both artificial and natural structures. Finally, large inaccuracies exist due to the
Hammerfließ channel, since its relative low elevation captures the surrounding elevated area
(appendix O). Thus, information regarding flow patterns is lost. This problem is particularly evident in
catchments 7 and 8, but also occurs in catchments 4 and 9.
Scenario
1
2

Description
No Alteration
Roads and channels
removed
DEM clipped in halve,
no alteration roads and
DEM
DEM clipped in halve,
roads and channels
removed

Applying the DEM reconditioning technique partly solves the first two problems. Removal of channels,
levees and elevated natural areas leads to longer strings of a flowing network. Also, a more natural
(irregular, not straightened) flow pattern can be found. The greatest improvements are reached in
catchments 1 and 2, while catchment 6 also shows considerable improvements. Change in other areas,
however, remain limited in this approach. Also, The Hammerfließ ‘capturing’ flow from the
surrounding areas remains a problem in the western half of the research area.
Despite considerable differences between scenarios 3 and 1, the three aforementioned problems
intrinsic to the hydrological network are similar. Slightly less improvements can be found in
construction of longer connecting networks. Finally, the differences between scenarios 2 and 4 are
negligible as well, as the larger stream network in scenario 4 is simply caused by a decreased total
surface area of the DEM. Therefore, a cell threshold value of 0,25% is reached more quickly. Therefore,
scenario 2 is considered most successful, since produces greater results than scenario 1, but is less
time consuming than scenario 4.
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Figure 16: Results of digital flow path for scenarios 1 and 2, overlain on the DEM. Background topography is the “Digitales
Navigationsmodell” (DNM) WMS, retrieved from geospatial information website Brandenburg (Appendix F).
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Figure 17: Results of hydrological modeling of the first three catchments (figure 10) for scenario 1 and 2 (table 7) with
mapped DEM results (figure 12). Burned culverts (channels, roads) are indicated with green polygons. The Hammerfließ is
illustrated in blue. This map is located approximately between ‘Baruth’ and ‘Horstwalde’. The exact location can be found in
appendix K.

Figure 18: Results of hydrological modeling of catchment 6 (figure 10) for scenario 1 and 2 (table 7) with mapped DEM
results (figure 12). Burned culverts (channels, roads) are indicated with green polygons. The Hammerfließ is illustrated in
blue. The exact location can be found in appendix K.
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Cross Sections
12 Cross sections were measured in total, which were based on a number of criteria. Namely each
catchment containing at least one such measurement and the cross section being representative of
the area. The location of each cross section and the corresponding number is shown in appendix P. For
each cross section the Rosgen-classification parameters are listed in table 8.
The shapes of 4 cross sections are illustrated in figures 19 to 22 show a wide variety of channel
geometry. The remaining cross sections are listed in appendix Q. First, cross section profiles 3 and 9
stand out as less erratic (zigzagging) compared with the 10 other channels (e.g. comparison between
figures 19 and 20). Likewise, the depth of these 2 channels are relatively large (0.68 and 1.51 m
respectively). Furthermore, a difference occurs between multiple multithread channels (8, 10 and 12)
and single meandering channels (all others), which is mostly reflected in the W/D ratio. Cross sections
4, 7 and 10 themselves do not clearly illustrate a channel pattern compared with the surrounding
landscape. For instance, these channels do not contain clear, deep depressions in the cross sections,
even though they were all classified as such by conventional and LiDAR maps. The surface area of the
first 5 channels show minor differences, despite an apparent different geometry in cross section 4. On
the other hand, cross section 9 and 11 stand out with surface area exceeding 100 m2, which can
particularly be attributed by a large channel depth. Finally, cross sections 8, 10 and 12, which are all
three multiple-thread channel systems, can be grouped together according to their intermediate
surface area.
When considering the stream parameters in table 8, sinuosity values correspond most closely to the
predefined scheme values (figure 8). The sinuosity of the channels in cross sections 3 and 5 exceed
1.5, while cross section 2 classifies as 1 < x < 1.2, whereas all other measurements contain a value
between 1 and 1.2. On the other hand, the weight/depth ratio and longitudinal slopes contain extreme
and widely diverse values. The W/D ratio of cross section 3 stands out as relatively small (barely larger
than 40), while those from 2,4,7 and 10 are very large. The sizes of other channels are dispersed in
between. Finally the longitudinal channel slopes are all very small, with channels 1,4,10 and 12 being
steeper than 0.03°, while the steepness of other channels are negligible, despite being positive.
Table 8: Channel cross section parameters and river type labels. A river type label (right column) is assigned to each cross
section (left column) if able, according to parameters (Sinuosity, W/D Ratio and Longitudinal Slope) from a river
classification scheme by Rosgen, 1994

CROSS
SECTION
1
2
3
4
5
6
7
8
9
10
11
12

SURFACE AREA
(M2)
6.9035
11.1443
11.9585
13.5437
13.3849
12.3682
7.0769
10.21688
179.1667
22.7645
105.2273
29.4382

SINUOSITY

W/D RATIO

1.1900
1.2012
1.5151
1.1217
1.6263
1.0584
1.1625
1.0605
1.0826
1.0523
1.0762
1.0194

187.5
450
41.17647
475
280
291.6667
405.8824
397.0588
103.3113
426.087
174.7368
230.7692
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LONGITUDINAL
SLOPE (°)
0.041485
0.02239
0.00816
0.022735
0.033986
0.005265
0.003594
0.006274
0.018828
0.04835
0.006953
0.030829

RIVER TYPE
LABEL
C
E
E
D/Da
C
-

Ultimately, when comparing the measured parameters, sinuosity seems to be the only parameter able
to make a distinction between the stream classes. Sinuosity in channels 3 and 5 (figures 19 and 20)
exceed the value 1.5, which would classify it as type E, while channel 2 (barely) has a value higher than
1.2, which could correspond to stream type C. Sinuosity values for all other channels fall between 1
and 1.2. The low longitudinal slopes of all cross sections in the entire ice-marginal valley do fall within
any sinuosity parameter. On the other hand, the W/D Ratio of all channel (far) exceed the given
threshold values, which would limit its usefulness. Despite W/D ratio not falling within any category,
the difference between ratios is considerable: Channels 1,3,9 and 10 stand out as being less wide.
Nevertheless, it can be assumed that cross-section 3 in catchment 2 fit the requirements for channel
type E, cross section 2 for type C, cross section 5 for C or E and all other channels for cross sections
D/Da.

Figure 19: Cross Section 3. The blue area illustrates the part of the
cross section that was classified as a paleochannel using the DEM.

Figure 21: Cross Section 8. The blue area illustrates the part of the
cross section that was classified as a paleochannel using the DEM.
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Figure 20: Cross Section 5. The blue area illustrates the part of
the cross section that was classified as a paleochannel using the
DEM.

Figure 22: Cross Section 9. The blue area illustrates the part of
the cross section that was classified as a paleochannel using the
DEM.

Discussion
Conventional techniques and LiDAR digitization limitations
Geology
First of all, the actual effectiveness of conventional maps is challenging to assess, since the contribution
of exploratory maps cannot be quantified. For example, lithological and geomorphological maps
cannot illustrate the location of paleo river networks directly. Nevertheless, indication of fluvial
deposits denote presence of possible rivers, whereas dunes and glacial sand deposits delimit flow
direction to a smaller area. This is confirmed by mapping results from orthophoto maps and LiDAR
data, which fall within areas mapped by geological maps. As such, subsequent data analysis of other
data sources in subsequent steps are less time-consuming.

Topography
Second, topographic maps contributed slightly to the mapping of total surface area size (table 4).
Nevertheless, the mapped channels that were found with topographic maps could be validated with
orthophoto maps. As such, the topographic were primarily useful to assess the effectiveness of
orthophotos. On the other hand, mapping the total amount of paleochannels was less successful given
the migration of rivers that occurs in ice-marginal valleys (Rosgen, 1996).

Orthophotos and CIR imagery
Of all conventional data sources (that are free of charge), orthophoto maps offered the most detailed
contribution to the reconstruction of ancient flow patterns (figure 11) (table 5: orthophoto 2
contributes 2.88 km2). Also, the difference in yielded results between the different orthophoto maps
is considerable, which can be attributed to variations in growth in varying seasons throughout the year
(source, appendix I, table 5). Morphological features in the landscape are clearest when soil water
conditions are low, which occurs during the crop growing and harvesting season. Likewise, photos
taken from march illustrate smaller vegetation cover differences than photos taken during the dry
period (May – Summer). However, the use of color infrared imagery did not contribute more to the
mapping of ancient (paleo) flow features (table 5: 0.908 km2). Remarkably, the different orthophoto
maps and color infrared imagery did not correspond very well. As such, the date of orthophoto
acquisition would become more relevant than utilizing the color infrared band with remote sensing
data, especially if land management plans are known beforehand (Jiapaer et al., 2011). Orthophotos
used in this research partially relied on the use of WMS-service maps, which cannot be processed for
chromatic stretching techniques. As such, these techniques could not have been applied to imagery to
enhance soil moisture differences (on bands susceptible to soil moisture i.e. infrared band) caused by
soil deposit differences between paleochannels and the surrounding landscape (Bisson et al, 2011).

LiDAR-derived products and DTM
Next all LiDAR-derived products and the photogrammetric-based DTM are discussed. LiDAR-derived
LSP’s, in particular hillshade images, are reported to expose geometric patterns of scroll bars, ridges
and channels (Bhattacharya et al., 2015). However, an existing methodological approach and validation
techniques to map channel streams from land surface parameters (LSP’s) is lacking. As of now,
channels have to be mapped manually. As a result of manual mapping, inaccuracies on both
agricultural fields and forests can occur for various reasons. For example, there are no reports on the
most effective parameters settings (e.g. azimuth) for hillshade map construction. Moreover, no
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research exists on the applicability of hillshade maps for identification of paleochannels.
(Bhattacharyya et al., 2015). Furthermore, the elevation differences between channels and flat
landscape is relatively low (compared with elevation difference in dunes), but was visualized
successfully by applying stretching techniques. With stretching techniques, the symbology of the DEM
changes on the fly, while observing the research area. Using a classification approach by creating small
classification intervals on the symbology has yielded successful results as well. However, using the
small classifications approach was assumed too time-consuming for the entire research area due to
the gradual downslope gradient of the ice marginal valley (Jones et al., 2007). Furthermore, extensive
ploughing on agricultural fields is reported to decrease connectivity of channels, which results in
isolated remnants of rivers (Bracken & Croke, 2007). However, such remnants may not be separated
with certainty from other depressions, such as pools, riffles, etc. In urbanized landscapes such as these,
connectivity may be decreased further by roads, channels or any other artificial structures. Besides,
the accuracy from LiDAR pulse data that penetrates through forest canopy becomes an increasingly
important factor, because relative small differences in height may fade out the subtle vertical
component of paleo channel patterns. Instead, small trees and shrubs, which were still noticeable in
bare earth data, become prevalent. This could be explained by a less penetrable LiDAR pulse through
that part of the vertical forest vegetation profile (figure 2). Besides, the use of bare earth return pulses
is not unequivocally accepted, since tall trees are reported to actually delineate sinuous paleochannels
in DEM’s more successfully (figure 23). Ultimately, the contributions of slope maps, aspect maps and
hillshade maps are minimal when compared to DEM’s (table 6). Slope maps and aspect were not as
useful, because paleochannels are expressed in the landscape with relative low elevation differences
over a large horizontal plane.
Finally, the (photogrammetric) DTM barely seems to contribute, since the vertical resolution seems
too low to identify separate fluvial features. Only landscape features with a vertical difference
exceeding 1 meter could be detected (figure 22). However, the previously identified dunes are clearly
present in the DTM.

Figure 23: In some cases, unfiltered LiDAR data (A) can be more useful than bare earth LiDAR data (B) to delineate
paleochannels. Trees are removed from the bare earth data. Paleochannels are indicated by dashed white lines. Black values
indicate high elevation values (Jones et al., 2007).
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Additional Complications in Mapping
Finally, it should be noted that glacial (ice marginal) valleys are characterized by a highly mixed
depositional system with high sediment supply. Fluvial activity in these glacially affected systems can
be complex. For example, lateral migration rates are generally high (Rosgen, 1994). This may increase
the complexity of the system, because multiple remnants of rivers may coexist laterally. Moreover,
multiple different river systems might coexist in close proximity with different formation ages. This
undermines the premise that the former Hammerfließ must be a single continuous river channel.
Therefore, any fluvial remnant, which may be isolated far from any other identifiable paleoriver, must
be taken into account. Ultimately, this increases complexity and uncertainty of the river systems in icemarginal valleys.

Digital Flow Path
Although hydrological modeling in ArcHydro is able to contribute to understanding the behavioral
patterns of (paleo) rivers, there are several problems associated with both interpretation of the results
and performance of the ArcHydro tools themselves.
First and foremost, the stream network illustrates the direction of flowpath in channels, but does not
entail additional geometrical characteristics of a channel. A clear example is the width of the multithread branching channels in catchment 6. The width and depth of channel cannot be derived from
the stream network method, which results in the inability to classify a channel accordingly to a correct
type. Moreover, the actual extent of an hydrological network cannot be provided. Therefore, the
formation age of a river remains uncertain. As such, additional analysis is required for further analysis.
Furthermore, several problems exist which are related to the tools that decrease performance
accuracy to create a hydrologically correct DEM. A collection of artificial obstructions, including ridges
(roads) and depressions (straight channels), were found that alters the drainage network. Not only do
these artificial structures prevent a continuous connection of the river network, but the drainage
pattern were changed greatly altogether. This is particularly problematic for roads as these artifacts
are 1. continuous and 2. unable to be removed when sinks are filled in a DEM. DEM reconditioning,
which is based on the AGREE method (Hellweger, 1997) when ArcHydro tools were developed, cannot
accurately set an elevation at a specific height. This limits the use of the AGREE method in large areas
with low relative elevation. Roads and smalls channels that intersect the area can be incised manually.
The challenges of artificial depressions and ridges can be solved more quickly if vector data of road
networks and channels network is readily available. Examining the source data was sufficient to
separate natural artefacts from artificial artefacts (Lindsay & Creed, 2006). However, the actual
location of all natural ridges and depressions, which can be result of e.g. ploughing, cannot be defined
beforehand. This increases an element of inaccuracy in the results.
After the DEM has been redefined to remove drainage obstructions, it must be filled to remove any
possible sink locations for stream network. This usually results in an iterative process, because a filled
pixel may still be part of a larger sink (figure 9; Doctor & Young, 2013). This creates additional problems
for the Baruth ice-marginal valley, since the research area size is relatively large compared with the
area’s relative elevation (excluding dunes). In other words, ‘flat’ areas are most sensitive to depression
removal techniques (Lindsay & Creed, 2005), which corresponds a high chance at depression filling
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error. For instance, small depressions, which can include the paleochannels, carry the risk to be filled
up. This potential problem is enhanced when multiple aforementioned roads act as ‘dams’ between
agricultural fields, which would have happened to catchment 5 if the DEM was not altered by the DEM
reconditioning step. In Doctor & Young, 2013, this is reported to result in large flat areas accompanied
by straightened flow patterns with sharp angles, which was also found in the results of this research.
Presence of this error can also be evaluated with fill-difference rasters (appendix R), which are rasters
that show the difference between the original and filled DEM (Doctor & Young, 2013).
On the other hand, channel depressions, namely the Hammerfließ itself, is prone to ‘confiscate’ a
portion of its drainage system, since channel depth usually exceeds ‘depth’ of the surrounding area.
This problem occurs in small, incised river systems. For example, the possible flow areas in catchments
7 and 8 are relatively certain due to different elevation and geological settings. However, the results
on the possible impact of smaller pools and riffles have remained unknown (appendix O).
Reconditioning a DEM to remove (fill) the Hammerfließ cannot be solved as adequately as removing
the aforementioned dams and channels. While small dams and roads can simply be ‘cut off’ at a single
value, the Hammerfließ, which flows through the entire research area with a downslope direction at a
gradually decreasing height (approximately 13 m difference), must be filled at gradually different
heights, depending on the location. No tool exists yet in ArcHydro to fill a feature at varying heights.
In the end, hydrological network modeling as an validation technique combined with LiDAR imagery is
still ‘work in progress’, with pro’s and con’s. Due to its constraints, it should merely be used as a
preliminary technique for other validation techniques.

Cross-Sections
The small differences in elevation, which were found in most cross sections all indicate a large chance
at measurement uncertainty. Although the vertical uncertainty range (≤ 20 cm) of this LiDAR dataset
does not immediately exceed the depth of the measured cross sections, an added uncertainty arises
due to the field site itself. A zigzagging pattern is present in all but one cross section (3), which
correlates with occurrence on agricultural fields. Most likely, this can be attributed to continuous
ploughing, with an elevation error to be in the order of 10 cm. Though this should not obstruct channel
pattern recognition, it increases an added error range to surface area calculations. Similarly, the patchy
shrub structure might contribute to measurement inaccuracies in cross sections measured in forests.
In addition, the elevation to which a measured channel has to be set is not defined, due to the inability
to differentiate the (former) active channel depth from the bankfull channel depth. This is especially
an issue in braided river systems, because these multi-thread rivers are characterized by small rivers
with a high Width/Depth (W/D) ratio. Namely, changing the elevation on a river with high W/D ratio
slightly leads to a large change in surface area (and surface volume)
The accuracy of the river (and valley) classification system can be questioned. Research indicated that
Rosgen’s system should not be plainly used in stream restoration projects, mainly because this scheme
cannot sharply define stream bankfull height and does not consider streams as open systems (Simon
et al., 2007). Furthermore, ice-marginal valleys with Aeolian sand dune deposits are listed to only
contain braided and anastomosing river type (Rosgen, 1994). However, a general outline such as this
should not be strictly followed as ice-marginal valleys are known to include other river types (Juschus,
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2003) and also because sinuous channels are not mutually exclusive to glacial (ice-marginal) valleys.
Finally, findings from Juschus (2003) point out the presence of single branching meandering rivers in
the ‘Unterspreewald’, a valley area in close proximity to the Baruth ice-marginal valley, from the late
Pleistocene to the early Holocene (both small and large meanders).
Ultimately, linking a river type (figure 8 and table 8) in a catchment in the research area to
paleochannel age (figure 6) does not illustrate a gradual change in channel formation age along the
research area (appendix S). This would imply a difference in paleochannel preservation throughout the
research area, which could be explained by the different phases of channel formation (Juschus, 2003)
and subsequent channel system migration in ice marginal valleys (Rosgen, 1994).

Final Remarks
Conclusively, LiDAR-derived DEM’s were clearly most successful to map paleochannel featuers,
despite some of its limitations. Not only did the DEM contribute the most to mapping of
paleochannels in size (table 6; 5.081 km2), mapping results from the LiDAR DEM almost completely
covered the mapped features from all conventional data sources as well (excluding geology).
However, it should be noted that the data sources used in this research were not sufficient to
reconstruct the entire paleoflow throughout the research area. Also, cross section analysis and
hydrological modeling were not entirely conclusive in validating the presence of paleochannels.
Nevertheless, it can assumed that LiDAR was able to contribute considerably to restoration of the
paleoflow.

Recommendations
Recommendations for further research is presented in this section.

LiDAR Intensity Data
The quality of airborne LiDAR data can differ for each flight. On one hand, quality of a LiDAR can be
defined as the point density of the dataset. However, quality can also be interpreted by the range of
additional products (other than x,y,z values) which are provided by the vendor (Carter et al., 2012).
The intensity’s amplitude of the laser pulse containing spectral information on the earth’s surface is
such an product that has emerged as a new method in LiDAR based research (Ninfo et al., 2015; Challis
et al., 2011). Reflectance of the soil’s surface is attributed to absorption and reflection of soil moisture
and organic material (Challis et al., 2011). Generally, soils in paleochannel are filled with different
material from different origin. Consequently, a string of varying parent material should be visible on
intensity imagery. This premise is particularly useful to tackle the disappearance of connectivity of
channels. This method is useful because the intensity tends to exaggerate reflection and absorption of
the soil (Ninfo et al., 2015). Furthermore, LiDAR is reported to measure ‘paleohydrography’ where
optical images could not (Ninfo et al., 2015). Challis et al., 2011 explicitly state that paleochannels (in
some cases) correspond with low intensity returns. Ultimately, LiDAR intensity data is able to interpret
buried environments, which accounts for both artificial and natural environments. Unfortunately,
intensity data is not always provided by the vendor. Since LiDAR data for this research did not contain
intensity data, further research on this data type is recommended, as soon as it becomes available.
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Object Based Image Analysis
Research at the Institute of Biodiversity and Ecosystem Dynamics (IBED) at the University of
Amsterdam in the recent past has focused on automated mapping geomorphological and geological
features using object-based image analysis (OBIA) (Anders et al., 2011). OBIA is based on the concept
of delineating groups of similar pixels, where the criteria of grouping pixels is based on a threshold of
maximum heterogeneity within the pixel group (segmentation), after which these pixel groups are
classified accordingly (classification) (Anders et al., 2011). This is usually a trial-and-error based
approach where segmentation parameters for channel bed characteristics must be optimized. This
method uses remote sensing data, including LiDAR DEM’s and aerial orthophotos with varying results
(Blaschke, 2003; Verhagen & Dragut, 2012). Advantages of OBIA include faster classification times and
more ‘objective’ methodological approaches compared with ‘subjective’ visual interpretation and use
of expert knowledge (Verhagen & Dragut, 2012; Anders et al., 2011). So far, the use of object-based
image analysis has been applied on a wide range of geomorphological disciplines, including gullies,
landslides etc. (Martha et al., 2011; Shruthi et al., 2011). However, research that used OBIA specifically
on paleochannels remain limited. In the past, researchers have attempted to analyze paleochannels in
fluvial environments in settings such as rainforests (Bertani et al. 2013), but not in ice-marginal valley
environments. The different possible types of channels, which are present in glacially induced
environments adds to the difficulty that may arise in segmenting (and classifying) each paleochannel
type correctly. As such, segmentation parameters must be found, which are able to successfully
distinghuish (filled) channel bed characteristics between different river types. Although past attempts
at OBIA-based research of fluvial paleo morphology are limited, identification of channels and
subdivision of channel type on channel morphology, geometry and bank characteristics has been
researched (Güneralp et al., 2014). Ultimately, OBIA could help by improving the mapping accuracy of
paleochannels and automated identification of paleofeatures in other ice-marginal valleys.

Borings
Possible integrated approaches for the future to assess presence of paleochannels revolves around
taking cores in the field on locations which were preliminary identified in this thesis with remote
sensing techniques. Though geological maps in this research were present, they merely describe
predominance of a single substrate over a large area. On the other hand, the premise of validating
former fluvial paths includes succession of deposits in detail that can be attributed to flowing
conditions to conditions that fit dormant channels (e.g. stratified coarse sand deposits to finer sand
deposits or more muddy conditions) (Rosetti et al., 2007). Guidelines exist that describe the
stratigraphy which area typical for paleochannels in areas affected by glaciation (Jones & Hajek, 2007).
Furthermore, it should be noted that field observations such as these are both time consuming and
should be used as validation of predefined paleochannels. Nevertheless, this technique is useful to
locate paleochannels due to its high accuracy. Taking cores in paleochannels may especially be useful
in areas that have lost (paleo)channel connectivity due to both natural and artificial reasons.
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Conclusions
The available set of methods has proven to be useful to reconstruct a majority, but not the entirety of
the former paleochannels. Although several stream types could be found, two problems emerged that
undermined the certainty of the results. First, man-induced (land management) effects have faded out
paleochannels too severely on locations where agriculture is practiced. This was in contrast to wellpreserved channels, found in naturally protected forests. Second, lateral migration of (braided) river
systems, which is common to ice-marginal valleys, means branching of river systems could have taken
place. Therefore, a long continuous channel cannot be established with great certainty.
Of all conventional maps and images available, orthophotos acquired in the dry (summer) period
proved to be most useful to detect small channels due to change in vegetation cover between
paleochannels buried with sediments that differ from the surrounding area. Paleochannels become
less distinguishable in the wet season (with high vegetation cover), while enhancement of vegetation
in color infrared images does contribute considerably. On the other hand, geological maps are useful
to delimit fluvial environments to a smaller area, but are not detailed enough at scales larger than
1:25,000 to point out individual channels.
Digital elevation models were proven to be the most useful LiDAR data products. In fact, LiDAR DEM’s
entail all paleochannel information, which was provided by all conventional data sources. Subtle
elevation differences lead to exposure of additional channels, which are partially undetectable with
previously mentioned conventional data. Unlike previously conducted research, the use of DEM
products (Hillshade, slope and aspect maps) did not provide additional value, because elevation
differences are too subtle if elevation was compared with plan-view surface area.
Cross-section analysis contributed to understanding the properties of channels to some extent by
assigning channel shape from a river classification scheme to characteristic channel age in the
neighboring area. For part of the research area, a link could be established with presence of channel
age ranging from 15,000 years BP to 9000 BP, with channel types including braided, large meandering
and small meanders. However, disturbances of aforementioned land management practices in the
research area limited the use of cross-sections throughout the research area. Disturbances, including
agricultural ploughing, roads, and,-channels were reflected in the cross-section profiles as zigzagging
patterns or sharp spikes and sinks.
Hydrological network modeling confirmed the presence of flow paths to a great extent in areas that
were digitized with LiDAR DEM’s. Natural and artificial obstructions (roads and channels) could be
removed manually (burned in the DEM), which greatly improved the results. However, the
Hammerfließ, which most likely captured a large part of the surrounding natural flow in the
hydrological models, decreased the accuracy of the results.
Finally, results indicate that different catchment areas can be attributed to different paleo stream
types, though a continuous map of channel age could not be constructed throughout the entire
research area due to human interference. Despite severe disturbance of the landscape, paleochannel
remains could be identified throughout the majority of the research area.
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http://www.lugv.brandenburg.de/cms/detail.php/bb1.c.321402.de
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Texas, Austin.

http://www.ce.utexas.edu/prof/maidment/gishydro/ferdi/research/agree/agree.html
State Office of mining, Geology and Minerals map service from Brandenburg province last visited on
November 30th, 2016 via http://www.geo.brandenburg.de
University of Amsterdam geoportal containing map services last visited on November 30th, 2016 via
http://geodata.science.uva.nl/UvAGeodata/ClickableMaps/World/Europe/Germany/BrandenburgBerlin/ChooseBrandenburgBerlin.html
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Appendices

Appendix A: Google maps imagery showing the location of the research area in Germany (red square)
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Appendix B: Map showing the location of FFH areas, which are naturally protected areas according to Natura 2000
guidelines (Thiele, 2011).
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Appendix C: Model of different phases of river valley genesis and (lake-) basin genesis in northeast Germany (Kaiser et al.,
2012)
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Appendix D: Map of ice-marginal valleys, moraine plateaus and towns south of Berlin, including “Baruther Urstromtal”,
“Unterspreewald”, Baruth and Luckenwalde (Juschus, 2003). Schmelzwasserabflußbahnen/Niederungen = Ice marginal valleys,
Hochflächen = Plateaus, Altmoränen = Old Moraines, Jungmoränen = Young Moraines, Gewässer = Water, Ausgewählte Siedlung =
Town/City
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Figure E: Extent of LiDAR data tiles and date of acquisition by the Univserity of Amsterdam
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Appendix F: Overview of conventional data used for this research. WMS URL’s in red were used in this research project, but
have become unavailable during the course of the research project. The tables also includes data from used orthophotos,
topographic maps and Color infrared images.

Web Map Service (WMS) Description
Digital Orthophoto, color (DOP20)
Digital Orthophoto, colorinfrared
“Digitale Navigationsmodell” (DNM)
LAS file tile boundary
Digital terrain model (DTM) (30cm – 50cm
vertical resolution)
Geologische Karte (1:25000)
Substrate Map

Link
http://isk.geobasis-bb.de/ows/dop20c_wms
http://isk.geobasis-bb.de/ows/dop20cir_wms
http://isk.geobasis-bb.de/ows/dnm.php?
http://isk.geobasis-bb.de/ows/dnmbs.php
http://isk.geobasis-bb.de/ows/dgm_wms?
http://www.geo.brandenburg.de/ows/gk25.cgi?
http://www.geo.brandenburg.de/ows/bo_substrate.cgi?

Maps can be retrieved from the following links for “Landesvermessung un Geobasisinformation
Brandenburg” (LGB), Brandenburg viewer and UvA geoportal respectively:
https://www.geobasis-bb.de/
bb-viewer.geobasis-bb.de/
http://geodata.science.uva.nl:8080/geoportal/catalog/main/home.page

ORTHOPHOTOS
1
2
3

TOPOGRAPHIC
1
2
3
4
5

6
7

REFERENCE INFORMATION
16/11/2015 DOP 20cm Brandenburg viewer (imagery date:
16/11/2015)
May 2012 – Sep 2012 (bing maps)
© 2016 Google GeoBasis-DE/BKG (© 2009), Google
(imagery date: 7/3/2015)

NAME IN
MASTER THESIS
Orto 1
Orto 2
Orto 3

NAME

SCALE

AGE

TK10AV
Urmeßtischblatt
Meßtischblatt
Karte des
Deutschen
Reiches
TK100AS
TK200AS

1:10,000
1:25,000
1:25,000
1:50,000
1:100,000

1841
1921
1932

COVERS ENTIRE
AREA?
No
No
No
No
Yes

1:100,000
1:200,000

1987
-

Yes
Yes
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The following list of color infrared (CIR) images cover (the majority of) the research area:

336_593R.TIF
337_664R.TIF
900_31R.TIF
901_106R.TIF
902_175R.TIF
903_241R.TIF
904_310R.TIF
905_376R.TIF
906_445R.TIF
907_513R.TIF
908_581R.TIF
909_717R.TIF
910_779R.TIF

336_595R.TIF
337_666R.TIF
900_33R.TIF
901_108R.TIF
902_177R.TIF
903_243R.TIF
904_312R.TIF
905_378R.TIF
906_447R.TIF
907_515R.TIF
908_583R.TIF
909_719R.TIF
910_781R.TIF

337_668R.TIF
900_35R.TIF
901_110R.TIF

337_670R.TIF

909_721R.TIF
910_783R.TIF

Information about these CIR images can be found on:
https://geoportal.brandenburg.de/detailansichtdienst/render?view=gdibb&url=https://geoportal.brandenburg.
de/gs-json/xml?fileid=93816E5C-9152-4495-9EC4-14A07A34FE5E
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Appendix G: Geomorphological map of the Baruth ice-marginal valley(de Boer, 1992). Research Area is
illustrated in red
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Appendix H: Series of 4 topographic maps illustrating current channel (blue line) and former path (purple). Name of map,
age of map and catchment number is listed below each image.

Name: Urmeßtischblatt, Age: 1841, Catchment Number: 1
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Name: Meßtischblatt, Age: 1921, Catchment Number: 1
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Name: Kartes des Deutschen Reiches, Age: 1932, Catchment Number: 1
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Name: Kartes des Deutschen Reiches, Age 1932, Catchment Numbers 8 and 9
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Appendix I: Example of results from three different orthophotos on the same area, illustrating the effect of crop seasons on
paleochannel reflectance. From top to bottom are: Orto 1 (DOP20, 2015), Orto 2 (Bing Maps, 2012) and Orto 3
(Google/Geobasis/BKG, 2016) (appendix F). The left column shows the original images, while the right column includes mapped
paleochannel polygons (purple). The alternate flowpath can also be seen in topographic maps from appendix H.
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Appendix J: Results of manual mapping of color infrared images in catchment 3. The town in the north is ‘Horstwalde’.
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Appendix K: Image of the research illustrating the extent and location of results in figures 13,14,15,17 and 18.
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Appendix L: Results of conventional mapping, including geology, dunes (de Boer, 2000), orthophotos 1, 2 and 3, CIR and
DTM (photogrammetry-derived). See appendix F for clarification.
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Appendix M: Additional results of hydrological modeling. First image shows results of Scenarios 1 and 3 (table 7) in
catchment 1 and 2 (figure 10). Second image includes scenarios 2 and 4 for catchment 1 and 2. Third images illustrates
scenarios 1 and 3 for catchment 6. The last image shows scenarios 2 and 4 for catchment 6.
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Appendix N: Comparison between ‘raw’ flowpath results (‘Flowpath’ + ‘Removed Flowpath’) and results used in figure 16
(only ‘Flowpath’).
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Appendix O: Terrain DEM with results of hydrology modeling (scenario 1) (table 7). This example illustrates capture of
hydrological flow by the Hammerfließ.
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Appendix P: Location of cross sections (purple lines with label), which are shown in figures 19,20,21,22 and appendix Q
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Appendix Q: extra cross sections not included in the main results. The location for each corresponding cross section can be
found in appendix P.
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Appendix R: Rasters illustrating whether elevation difference occurs between filled DEM’s and its original DEM (figure 9),
based on different change thresholds. In general, areas with large elevation differences (white) lead to inaccuracies in
hydrological modeling
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Appendix S: The research area where catchments (figure 10) served as basis for channel age characterization. Age of
channels (figure 6) was derived from cross sections (figures 19-22), which were linked with classification by Juschus (2003).
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